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Material and Methods
71
A total of 260 patients (207 males and 53 females) ≥ 18 years of age with previously untreated, 72 unilateral radiopaque ureteral stones requiring elective or emergency ESWL were recruited from
73
July 2010 to October 2012 at our department. Patients in whom it was technically impossible to 74 localize the stone (e.g. due to patient obesity) on the day of intervention (n=4), or who refused to 75 participate (n=2) were excluded. Upon entry into the study, each patient was randomly assigned 76 by a computer-based program without stratification to receive ESWL at a SW delivery rate of 60 77 pulses (group A, n=130) or 90 pulses (group B, n=124) per min. Fourteen of these patients were 78 excluded from analysis due to loss to follow-up (Group A: n=3; group B: n=11; Fig.1 ). Patient 79 baseline and stone characteristics were comparable between the two groups ( Table 1 ). The study The technical features of the modified Dornier HM3 are described elsewhere (2). The 96 Dornier HM-3 was operated by the same technician with more than 25 years of experience at the 97 start of the study, under the supervision and guidance of a specially-trained resident and a senior 98 staff member (2). All ESWL treatments were given under anesthesia (general or regional) to 99 eliminate pain as a limiting factor and to keep respiratory movements regular (Table 1) . SW 100 delivery was ECG gated. If necessary, patients underwent pharmacological manipulation with 101 atropine/hyoscine butylbromide or esmolol to maintain the required heart rate/SW delivery rate.
102
SW voltage began with a series of 500 SWs at 19 kV, thereafter it was increased in 1-kV 103 steps every 300 SWs to a maximum of 21kV to 22kV if fluoroscopic controls showed 104 insufficient fragmentation. In case of stone disintegration, voltage was progressively decreased 105 to prevent unnecessary trauma (9). A maximum of 2500 SWs for proximal ureteral stones and 106 3000 SWs for ureteral stones off the kidney were administered. ESWL was terminated prior to 107 reaching the maximum number of SWs upon documentation of complete fragmentation on x-ray 108 snapshots. All patients were given α-blockers after ESWL. Kidney, ureter and bladder x-rays and renal ultrasound were obtained 1 day and 3 months after 111 ESWL. Additional imaging (x-ray, renal ultrasound, computed tomography and/or excretory 112 urography) was only used if deemed necessary in order to reduce exposure to ionizing radiation 113 and to limit costs. Stone disintegration was classified as no fragments, fragments <2 mm, M A N U S C R I P T A C C E P T E D Hounsfield units, stone size, and presence of an indwelling JJ stent). Statistics were performed 133 using SAS 9.1 software (SAS Institute Inc., Cary, NC).
Results
135
The stone-free rate at 3-month follow-up was significantly higher in patients who 
157
In the present prospective, randomized study using the "Rolls-Royce" among lithotripters, the 158 Dornier HM-3 to treat ureteral stones, we show that SW delivery rates of 90 pulses per min are 159 associated with significantly better treatment outcomes than SW delivery rates of 60 pulses per 160 min. Rates of 90 pulses per min delivered an overall stone-free rate of 91% and, for mid-ureter 161 and proximal ureteral stones, stone-free rates of >95%. These findings are relevant in the context 162 of the declining popularity of ESWL for ureteral stones, indicating that optimizing the SW 163 delivery rate can achieve excellent outcomes even for mid-ureter and proximal ureteral stones.
164
As newer lithotripters emerged, an increased interest in shorter ESWL treatment times 165 led to several randomized trials designed to evaluate the potential role of SW delivery rates.
166
Based on manufacturers' recommended SW delivery rates in second-and third-generation 167 devices, the majority of these studies compared frequencies of 60 pulses per min versus 120 168 pulses (6-11,13). Although not without limitations, such as lack of control over the number of 169 ESWL sessions (10) or overall low success rates regardless of SW delivery rate (7, 8, 13) , the 170 majority of these studies reported higher success rates at a SW delivery rate of 60 pulses per min. 8, 10, 15, 21, 26, 27) . BMI was not associated with outcomes in our patients. This finding accords 224 with a recent study that found BMI and skin-to-stone distance to have no effect on ESWL 225 efficacy with the Dornier HM-3 (28). Regarding newer lithotripters and BMI, some authors 226 report an association between BMI and treatment outcomes (21,26) and some do not (7,13).
227
The main limitation of our study is that all patients were treated with the modified (80) 35 (83) 22 (73) 44 (80) 103 (91) 43 (100) 22 (96) 38 ( Abbreviations: SW = shock wave; JJ = Double-J stent; OR = odds ratio M A N U S C R I P T
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Figure 1
CONSORT diagram enumerating the patients screened, randomized, allocated to each treatment arm, lost to follow up, and included in the final analysis. 
